One sentence summary: A CGMMV-based vector enables gene function 21 studies in cucurbits, an extremely low efficiency species for genetic 22 42 hairpin cDNAs resulted in photobleaching phenotypes in N. benthamiana and 43 cucurbits by PDS silencing. Additional results reflect that silencing of the PDS gene 44 could persist for over two months and the silencing effect of CGMMV-based vectors 45 could be passaged. These results demonstrate that CGMMV vector could serve as a 46 powerful and easy-to-use tool for characterizing gene function in cucurbits. 47 48 Keywords: Cucumber green mottle mosaic virus; viral vector; virus-induced gene 49 3 silencing; cucurbit plants 50 68 (VIGS) is a good alternative to gene transformation because of its simplicity, high 69 efficiency, and high throughput. 70 Gene silencing comprises transcriptional gene silencing (TGS) and 71 post-transcriptional gene silencing (PTGS). VIGS, a type of PTGS, is a natural 72 defense reaction that exists in a broad range of organisms. It confers resistance to 73 foreign nucleic acid invasion through PTGS at the RNA level. Because it can silence a 74 specific gene, leading to the loss of function of this gene, the potential of VIGS as a 75 tool to analyze gene function has been quickly recognized (Baulcombe, 1999). 76 4 In the past decades, a large number of viral vectors had been developed as 77 powerful tools for the functional verification of genes in plants (Ruiz et al., 1998; Liu 78 et al., 2002; Ding et al., 2006; Igarashi et al., 2009; Zhang et al., 2010; Sempere et al., 79 2011; Liu et al., 2016; Wang et al., 2016). To date, three different RNA viruses have 80 (CP). Only the 129 KDa and 186 KDa of replication-related proteins are translated 100 directly from the genomic RNA, whereas the 29-KDa MP and the 17.4-KDa CP are 101 translated from two subgenomic RNAs. There is an overlap between the MP and CP 102 ORFs (Ugaki et al., 1991). Viral vectors based on CGMMV for expressing foreign 103 genes have been constructed. Multiple cloning sites (MCS) were inserted adjacent to 104 the CP ORF, and the CP stop codon was altered to express the hepatitis B surface 105 antigen and a Dengue virus Epitope so that 20 and 44 foreign amino acids, 106 respectively, were expressed (Ooi et al., 2006; Teoh et al., 2009). Tobacco mosaic 107 virus (TMV), another member of the genus Tobamovirus, has been widely studied as a 108 5 model in this genus. TMV has successfully been developed as a VIGS vector by 109 including an additional duplicated copy of the CP subgenomic promoter (SGP) in the 110 viral genome (Kumagai et al., 1995).The CGMMV genome is similar to that of TMV, 111 and thus it was thought that methods similar to those used for TMV could be used to 112 create vectors based on CGMMV; unfortunately, results in this regard varied largely 113 129 Agricultural Sciences (Xinjiang, China), Tianjin Academy of Agricultural Sciences 130 (Tianjin, China) and Ningbo Academy of Agricultural Sciences (Ningbo, China), 131 respectively. All cucurbit seeds were soaked in sterile water for 3 ~ 4 hours at 50 °C, 132 then placed in Petri plates containing wetted filter cotton gauze at 28 °C in darkness 133 until seeds were germinated. Germinated seeds were planted into pots with nutrient 134 matrix and grown in a growth chamber under 16 h light at 28°C / 8 h dark at 135 approximately 22°C. The same conditions were used to grow inoculated plants (see 136 below) with CGMMV vectors. 137 Construction of the CGMMV-based vectors 138 pV1a23 was constructed by site-directed mutagenic PCR. A DNA fragment of 139 580 -PDS213 and -PDS300-infected leaf tissue. The photobleaching phenotype was 581 observed and photographed at 9dpi / 14dpi. B, Real-time qRT-PCR analysis of PDS 582 expression in the 5 th leaf above the inoculated (L5) of noninfected (NI), pV190 empty 583 vector (EV), and pV190-PDS69, -PDS150, -PDS213 and -PDS300-infected melon by 584 mechanical inoculation. 585 586 ACKNOWLEDGMENTS 587 21 We thank Yule Liu (Tsinghua University, Beijing) for thoughtful advice on 588 designing VIGS vectors. A (2007) Stability of Potato virus X expression vectors is related to insert size: implications 596 for replication models and risk assessment. Transgenic research 16: 587-597 597 Baulcombe DC (1999) Fast forward genetics based on virus-induced gene silencing. Current opinion 598 in plant biology 2: 109-113 599 Bouché N, Lauressergues D, Gasciolli V, Vaucheret H (2006) An antagonistic function for 600 Arabidopsis DCL2 in development and a new function for DCL4 in generating viral siRNAs. 601
Abstract：Cucurbits produce fruits or vegetables that have great dietary importance 31 and economic significance worldwide. The published genomes of at least 11 cucurbit 32 species are boosting gene mining and novel breeding strategies, however genetic 33 transformation in cucurbits is impractical as a tool for gene function validation due to 34 low transformation efficiencies. Virus-induced gene silencing (VIGS) is a potential 35 alternative tool. So far, very few ideal VIGS vectors are available for cucurbits. Here, 36 we describe a new VIGS vector derived from cucumber green mottle mosaic virus 37 (CGMMV), a monopartite virus that infects cucurbits naturally. We show that the 38 CGMMV vector is competent to induce efficient silencing of the phytoene desaturase 39 (PDS) gene in the model plant Nicotiana benthamiana and in cucurbits, including 40 watermelon, melon, cucumber and bottle gourd. Infection with the CGMMV vector 41 harboring PDS sequences of 69-300 bp in length in the form of sense-oriented or Introduction 51 The family Cucurbitaceae is second only after the Solanaceae for its economic 52 importance among horticultural species worldwide, containing about 1000 species in 53 96 genera (Renner and Schaefer, 2016) . Cucurbits are generally prized for their 54 delicious fruits, which might be low in nutritional value, but can be significant dietary 55 sources of minerals and vitamins, some even with medical values. Watermelon 56 (Citrullus lanatus), melon (Cucumis melo), cucumber (Cucumis sativus) and bottle 57 gourd (Lagenaria siceraria) all belong to the family Cucurbitaceae with a significant 58 impact on human nutrition (Grumet et al., 2017) . 59 With the increase of consumer's demand for high-quality fruits and vegetables 60 and the improvement of agricultural production, it is urgent to explore genes encoding 61 important agronomic traits in crop species, in order to breed elite, disease-resistant 62 and featured varieties. So far, 11 reference genomes of cucurbit species (Zheng et al., 63 2019) including watermelon (Guo et al., 2013) , melon (Garcia-Mas et al., 2012) and 64 cucumber (Huang et al., 2009 ) have been published, which have boosted gene mining 65 and gene function research. However, the genetic transformation of cucurbit plants is 66 time-consuming and labor-intensive, with extremely low efficiencies (Choi et al., 67 1994) . As a tool for rapid gene function validation, virus-induced gene silencing been developed as vectors for VIGS in cucurbit species, including apple latent 81 spherical virus (ALSV) (Igarashi et al., 2009 ), tobacco ringspot virus (TRSV) (Zhao 82 et al., 2016) and tobacco rattle virus (TRV) (Bu et al., 2019; Liao et al., 2019) . 83 However, very few applications of these vectors have been reported, implying that 84 they have not been widely adopted for cucurbit gene function analyses. This might be 85 related to their limited host range among cucurbits, cumbersome inoculation 86 approaches and/or short silencing periods associated with insert instability. As a result, 87 it is urgent to develop a vector with a wider range of cucurbit hosts, ease of 88 inoculation, high silencing efficiency and long-lasting gene silencing in cucurbit 89 plants. 90 Cucumber green mottle mosaic virus (CGMMV) is an important pathogen 91 infecting cucurbit plants in natural conditions (Dombrovsky et al., 2017) about 7000 bp, consisting of the 5' end of the pXT1-CGMMV, was amplified using 140 pXT1-CGMMV as a template with primer pairs DelHindIII-X/ S159Z-S (Table S1) ; 141 Another DNA fragment of about 4000 bp, consisting of the 3' end of the 142 pXT1-CGMMV, was amplified using pXT1-CGMMV as a template with primer pairs 143 S159Z-X/DelHindIII-S (Table S1 ). These two fragments were ligated by homologous 144 recombination. The resulting construct was named as pV1a23. 145 PCR was performed with primers CP-TC-F and CP-TC-R to remove the CP start 146 codon of the pXT1-CGMMV (Table S1 ), resulting in the single-nucleotide 147 substitution ATG to ACG. The resulting construct was named pXT1-CGACG. pV61, 148 pV92, pV112 and pV190 VIGS vectors were constructed by site-directed mutagenic 149 PCR as well. DNA fragment 1 containing CGMMV nt 1-(5711~5840) (GenBank 150 accession: KY753929) was amplified using pXT1-CGMMV as a template with 151 primer pairs PXT1-F / (27B-34-R, 58B-34-R, 78B-34-R or 78B-99-R), whereas DNA 152 fragment 2 containing CGMMV nt 5651/5716 -6423 was amplified using 153 pXT1-CGACG as a template with primer pairs PXT1-R /(27B-34-F, 58B-34-F, 154 78B-34-F or 78B-99-F) (Table S1 ). These two fragments were ligated by homologous 155 recombination. The resulting vectors pV61, pV92, pV112 and pV190 are 156 pXT1-CGMMV derivatives that include a duplicated copy of 61-bp, 92-bp, 112-bp 157 and 190-bp, respectively, putative CGMMV CP SGP and a single restriction site 158 (BamHI) between the duplicated CP SGP.
159
Insertion of different PDS fragments into the CGMMV-based vector 160 For a VIGS test with PDS as the target gene, 114-, 213-, and 300-bp cucurbit 161 PDS fragments were inserted into digested pV1a23 with HindIII in sense orientation 162 to produce PDS silencing constructs pV1a23-PDS11414, pV1a23-PDS21313 and 163 pV1a23-PDS30000, respectively. Three primer sets CuPDS-HindIII-F/R, 164 CuPDS-HindIII-2F/ 2R and CuPDS-HindIII-3F/3R were designed to amplify 114-, 165 213-and 300-bp fragments of the cucurbit PDS gene, respectively (Table S1 ). 166 Similarly, a series of pV92, pV112 and pV190-based vectors harboring different PDS (Table S1 ). Two primer sets 78-146N-F/R and 78-215N-F/R were used 171 for amplifying 146-and 215-bp fragments of the N. benthamiana PDS gene, 172 respectively (Table S1 ). The resulting ten pV92, pV112 and pV190-derived constructs 173 were named pV92-PDS150, pV92-PDS213, pV112-PDS150, pV112-PDS213, 174 pV190-PDS150, pV190-PDS213, pV190-PDS300, pV190-NbPDS146 and 175 pV190-NbPDS215. 176 pV190-PDS69, a construct carrying a 69-bp fragment (dsRNA hairpin structure) 177 of the cucurbit PDS gene, was constructed using three primer sets 78-69P-X/78-69P-S, 178 CG-4R/CG-4F, 3R/TxR~R (Table S1 ). DNA fragment 1 of 870 bp, DNA fragment 2 179 of 1438 bp and DNA fragment 3 of 9 kb, were PCR-amplified using pV190 as (Table S1 ). (Table S1 ). Expression of the actin gene by primer set cumsactin-F/R (Table S1) (Table S1 ). The expression PDS was calculated using the 2 -∆∆CT method (Livak and Table S2 ). 245 CGMMV, similarly to TMV, belongs to the genus Tobamovirus, and TMV has 246 been successfully used in VIGS. Thus, we used a second strategy, similar to that used 247 for TMV by including a duplicated copy of the CP SGP in the viral genome (Kumagai   248   et al., 1995) to build vectors pV61 ， pV92 and pV112; these vectors are 249 pXT1-CGMMV derivatives with different lengths of the CP promoter (61, 92 and 112 250 nucleotides) and a single restriction site (BamHI) between the duplicated CP promoter 251 ( Fig. 2A ). Viral symptoms could be observed on upper leaves of plants inoculated 252 with vectors pV92 and pV112, whereas plants inoculated with pV61 did not develop 253 viral symptoms and CGMMV could not be detected by DAS-ELISA (Table S2) . 254 These results revealed that vectors pV92 and pV112 have the ability to infect plants 255 systemically while pV61 has not. 256 Our previous work revealed that the CP RNA transcription level was 257 significantly enhanced when 105 nucleotides were retained before the CP 258 10 transcription starting site (TSS) and that the sequence from the 71 st base to the 91 st 259 base upstream of the CP TSS plays a key role in CP SGP activity (Liu et al., 2019) . 260 Based on these results, we built pV190, which is a pXT1-CGMMV derivative that 261 contains a direct repeat of the 190-bp putative CGMMV CP SGP and a single 262 restriction site (BamHI) between the duplicated CP SGPs ( Fig. 2A) . N. benthamiana (Table S2 ). We 291 reasoned that the absence of the photobleaching could be due to the deletion of the 292 114-bp PDS gene fragment. However, RT-PCR showed that the 114-bp PDS gene 293 fragment was stable (Fig. 1C) . These results revealed that pV1a23-PDS300 lost the 294 ability of systemic and local infection, pV1a23-PDS213 was only able to infect 295 locally and pV1a23-PDS114 could produce systemic and local infection, but failed 296 inducing photobleaching. 297 The PDS fragments of 150 bp and 213 bp were inserted in the sense orientation 298 at the BamHI cloning site of pV92 and pV112 to produce pV92-PDS150, 299 pV92-PDS213 and pV112-PDS150 and pV112-PDS213, respectively. Watermelon, 300 cucumber and melon plants were inoculated with these vectors for testing their ability 301 to induce PDS silencing. Photobleaching could be observed in the inoculated plants 302 with pV92-PDS150 and pV112-PDS150 (Table S3 ). However, pV92-PDS213-and 303 pV112-PDS213-infected plants did not display any photobleached phenotype and the 304 presence of CGMMV in the upper leaves was not observed (Table S3 ). 305 The PDS fragments of 150 bp, 213 bp and 300 bp were also inserted in the sense 306 orientation at the BamHI cloning site of pV190 to produce pV190-PDS150, 307 pV190-PDS213 and pV190-PDS300, respectively. The cotyledons of watermelon, 308 melon, cucumber and bottle gourd seedlings were inoculated with the above vectors. 309 Photo-bleaching was first observed on the 4 th true leaves (L4) in watermelon at about 310 19 dpi, on the 3 rd leaves (L3) in melon and bottle gourd at 12 dpi (Fig. 3A) , and on the 311 5 th true leaves of cucumber at 28 dpi (data not shown). Further, photobleaching was 312 observed up to 32, 20 and 39 dpi in watermelon, melon and cucumber plants, 313 respectively ( Fig. 3B ). About 70% of the inoculated plants showed a photobleaching 314 phenotype. Total RNA was extracted from leaves of the plants inoculated with 315 different vectors displaying the most obvious photobleaching (Fig. 4A ) and the 316 accumulation of PDS transcripts was quantified by qRT-PCR. The results showed that 317 the expression levels of PDS had no significant differences between pV190-infected 12 (EV) and noninfected (NI) leaves, demonstrating that pV190 did not significantly 319 affect PDS expression (Fig. 4B) . The PDS mRNA transcript levels in photobleached 320 leaves was reduced by approximately 79%, 81% and 89% in watermelon, 78%, 76% 321 and 81% in melon, 83%, 87% and 89% in bottle gourd, and 82%, 64% and 88% in 322 cucumber infected with pV190-PDS150, pV190-PDS213 and pV190-PDS300, 323 respectively, compared to plants infected with pV190 ( Fig. 4B) . 324 To improve silencing efficiency, we inserted a PDS fragment forming a hairpin 325 structure of 69-bp into pV190 to produce the pV190-PDS69 vector. We first observed 326 photobleaching on the L5 in watermelon at 17 dpi, on the L2 in melon at 10 dpi and 327 on the L3 in bottle gourd at 11 dpi (Fig. 3) . Photobleaching was first observed one or 328 two days earlier in plants infected with pV190-PDS69 than in plants infected with any 329 other vector. The PDS mRNA levels declined 76%, 41%, 42% and 83% in 330 watermelon, melon, cucumber and bottle gourd, respectively (Fig. 4B ).
331
Stability of the 69-300-bp PDS fragments in pV190 332 We observed that the silencing phenotype of the PDS gene could persist for over 333 2 months in bottle gourd (Fig. 5A ). Photobleaching was not uniform from bottom to 334 top of bottle gourd leaves (Fig. 5B) . To evaluate the stability of the PDS fragment in 335 CGMMV-vectors, RT-PCR was performed on total RNA extracted from bottle gourd 336 leaves L6, L7 and L9 for pV190-PDS69, L4 and L11 for pV190-PDS300, L4 and L12 337 for pV190-PDS213, and L7, L9 and L10 for pV190-PDS300 (Fig. 5B ). The result 338 showed the 150-bp and 213-bp PDS fragments were stable across all analyzed leaves. 339 The 69-bp dsRNA hairpin structure could not be detected across all leaves, whereas 340 L9 and L10 samples from pV190-PDS300-infected bottle gourd contained deletions 341 of the 300-bp PDS fragment to different extents (the deletion in L9 was less than the 342 L10) (Fig. 5C ). The relative expression of the PDS gene in the above same leaves was 343 measured by qRT-PCR. RT-PCR results corresponded well with the PDS relative 344 expression level measured by qRT-PCR, with less silencing observed as the extent of 345 deletions increased (Fig. 5C, D) . For instance, pV190-PDS69 caused PDS transcripts 346 to be reduced by 83%, 80% and 65% in the L6, L7, L9, respectively, and 347 pV190-PDS300 caused PDS transcripts to be reduced by 87%, 81% 73% and 65% in 348 13 the L7, L8, L9 and L10, respectively (Fig. 5D ). Results of stability of the 69-300-bp 349 PDS fragments in pV190 in watermelon, melon and cucumber were consistent with 350 those in bottle gourd (data not shown). The expression of PDS in the youngest 351 analyzed leaves was still down-regulated (Fig. 5D ), indicating that these vectors have 352 sufficient stability to be used to characterize gene functions in cucurbit plants. 353 The silencing effect of CGMMV-based vectors could be passaged 354 To verify whether the silencing vectors can be passaged, the sap of leaves with 355 obvious photobleaching was used to rub-inoculate cotyledons and the L1 of melon 356 plants. Photobleaching occurred on uninoculated leaves as early as 9 dpi and was 357 photographed at 14 dpi (Fig. 6A) . PDS expression levels were tested on L5 of 358 passaged plants. We observed that PDS relative expression was reduced by 32%, 52%, 359 25% and 85% in pV190-PDS69, -PDS150, -PDS213 and -PDS300, respectively ( to handle during either the process of preparing a VIGS construct or for inoculations. 390 During the process of modifying the CGMMV genome to produce a VIGS 391 vector, we observed that the insertion sites of the gene fragment determined the 392 viability, stability, insert size and silencing efficiency of the vector; our work showed 393 that a duplicated copy of the 190-bp putative CGMMV CP SGP was essential for 394 silencing. We first tried to place the foreign gene insertion site downstream of the 395 viral CP gene. Results demonstrated that the insertion site between the CGMMV CP 396 gene stop codon and the 3' non-coding region was not suitable for constructing the 397 VIGS vector. TMV is a member of the genus Tobamovirus and has successfully been 398 developed as a VIGS vector by utilizing the strategy of subgenomic expression 399 (Kumagai et al., 1995) . Because CGMMV is also a member of the genus Tobamovirus 400 and CGMMV infectious clone containing the green fluorescence protein (GFP) 401 reporter gene has been successfully constructed, the GFP gene was located in between 402 MP and CP (Zheng et al., 2015) . Thus, we adopted a similar strategy to generate a (Table S3 ). In 408 contrast, when the modified CGMMV-based vector contained a 190-bp duplicated 409 copy of the putative CGMMV CP SGP, the PDS gene fragments could induce a robust 410 silencing phenotype. These results suggest that it is necessary to create an additional 411 fully competent subgenomic promoter to drive the transcription of the VIGS target 412 sequence and for providing the vector with the ability to systemically infect plants 413 (Mei et al., 2016) . 414 Vectors containing duplicated sequences frequently suffer partial or complete 415 loss of inserted sequences, particularly when the insert size is large (Avesani et al., 416 2007; Dickmeis et al., 2014) . We tested the effect of the length and structure of inserts 417 on silencing. Our results showed that the CGMMV vectors harboring the 418 sense-oriented PDS gene sequence of 100-300 bp in length could effectively induce 419 silencing in cucurbits, and efficiency was highest for largest fragment, the 300-bp 420 PDS gene fragment. It is worth mentioning the effect on silencing of the cDNA insert 421 length in a tobacco rattle virus (TRV)-based vector (Liu and Page, 2008) . The better 422 silencing phenotype could be produced when the cDNA insert length was between 423 200 bp and 1300 bp, whereas inserts shorter than 190 bp and longer than 1661 bp 424 generated less siRNAs silencing less efficiently (Liu and Page, 2008) . Not only the 425 length of the insert affected silencing but also the structure of it has an impact on 426 silencing. Expression of a hairpin-loop dsRNA structure could enhance the efficiency 427 of VIGS (Lacomme et al., 2003) . This seems to be true for our CGMMV-based VIGS 428 vector. The silencing efficiency of a 69-bp hairpin-loop structure was between that of 429 the 150-bp and 300-bp sense constructs, but its silence phenotype appeared earlier. A 430 direct 60-bp inverted-repeat sequence of the target gene that could fold as dsRNA 431 strongly enhanced VIGS from foxtail mosaic virus (FoMV) (Liu et al., 2016) . 432 However, in our work, a 60-bp inverted-repeat sequences of the PDS gene could not 433 produce photobleaching, and CGMMV lost the ability of systemic infection 434 (unpublished data). Therefore, these results suggest that the effect of length and 435 structure of inserts on silencing varied with vectors from different viruses. 436 Furthermore, the stability of inserts in the pV190 vector were evaluated. The 437 photobleaching phenotype was observed from the 3 rd to the 11 th leaves and PDS 438 transcripts were reduced by about 80% and 20% in L4/L5 and L10/L11. About 70% 439 of tested plants had a photobleaching phenotype which was stable and persisted for 440 over two months. Stable photobleaching was also observed in plants mechanically 441 inoculated with leaf sap prepared from L5/L6 of CGMMV-PDS inoculated plants. 442 Here, it is worth mentioning that PDS transcript abundance could be reduced by 443 CGMMV-PDS vectors on the 3 rd to 10 th leaves of the tested plants. However, the 444 photobleaching phenotype and the PDS transcript levels were not uniform in these 445 leaves, and could produce a gradient from bottom to top. It has been reported that the 446 phenomenon could be due to instability of the PDS gene fragment. RT-PCR analyses 447 on all of these leaves showed that deletion of the PDS insert was hardly detected in 448 samples with the sense inserts. Hence, we reasoned that gene-silencing efficiency may (Zhao et al., 2016) . More recently, the TRV-VIGS system has been used in cucumber 471 and oriental melon (Bu et al., 2019; Liao et al., 2019) . Comparing ALSV, TRSV and 472 TRV with CGMMV, the first three belong to multipartite virus families with a 473 bipartite genome, while CGMMV is a monopartite virus (Ugaki et al., 1991) , and 474 therefore is easier to manipulate. The ALSV genome is expressed through polyprotein 475 synthesis followed by proteolytic processing, which represents another layer of 476 difficulty for high throughput functional genomics (Lu et al., 2003; Burch-Smith et 477 al., 2004) . A second major difference among the four cucurbit viral vectors is the 478 inoculation method. A. tumefaciens infiltration is a simple, effective and convenient 479 inoculation way (Ryu et al., 2004; Fu et al., 2005) Taken together, the CGMMV-based silencing system could be applied as a powerful 499 biotechnological tool with a great potential for studying functional genomics in 500 cucurbits. Future study will focus on obtaining insights into the molecular mechanism 501 underlying the difference in silencing efficiency between different plants. In addition, 502 the vector could serve as a basis to control devastating viral pathogens or carry out 503 genetic engineering and molecular breeding. Supplemental Table S1 : Primers used in this study.
524 Supplemental Table S2 : The infection analysis of pV1a23 (insertion sites behind the 525 viral CP gene) vector in watermelon.
526 Supplemental Table S3 : The infection analysis of modified CGMMV-based vector 527 contains a duplicated copy of the 61-, 92-, 112-and 190-bp (dsRNA hairpin structure), 150 bp, 213 bp, 300 bp were separately cloned into pV190. A, Silencing PDS using pV190 on bottle gourd plants produced photobleaching that persisted for over 70 days. B, Photobleaching on newly emerging leaves of bottle gourd plants caused by PDS silencing was observed at 29, 34, 41, 48 and 54 dpi, respectively. C, RT-PCR assay to detect the presence of pV190 carrying PDS fragments of different sizes in systemic leaves. Samples from the 4 rd leaf above the inoculated (L4) were collected at 29 dpi; L6, L7 and L8 samples were collected at 34 dpi, L9 sample was collected at 41 dpi, L10 at 48 dpi, L11 and L12 at 54 dpi. M: Marker2000; EV: Empty vector (pV190). D, Relative expression level of PDS mRNA in the above indicated leaves determined by real-time qRT-PCR. 
